INTRODUCTION
Antiimmunoglobulin (anti-Ig) production is frequently observed in rheumatoid arthritis (RA)' and 'Abbreviations used in this paper: Ab, antibody; Ag, antigen; FCS, fetal calf serum; PBL, peripheral blood leuko-J. Clin. Invest (1) (2) (3) . Cultured peripheral blood lymphocytes (PBL) from healthy donors can also produce anti-Ig when stimulated with pokeweed mitogen (PWM) or Epstein-Barr virus, (4) (5) (6) (7) . This suggests that synthesis and release of these Ab can reflect a normal, appropriate response to certain stimuli. Conceivably, the very high levels of anti-Ig found in RA may represent a normal physiological reaction to unusually strong or persistent antigenic stimulation. Alternatively, there may be abnormalities in immune regulation that facilitate formation of anti-Ig in RA. These abnormalities may be selective, with the result that synthesis of other Ab remains relatively normal. Or there may be multiple immunoregulatory defects in RA. The latter might help to explain some of the other abnormal serologic features of this disease, most notably, polyclonal hypergammaglobulinemia, circulating immune complexes, and the formation of antinuclear and other autoantibodies (8) . To evaluate Ab biosynthesis in RA, the quantities of IgM anti-Fc, IgM anti-Fab', and antistreptokinase-streptodornase (SKSD) released by PBL from patients and age-matched controls were monitored at frequent intervals for up to 19 d in culture.
METHODS
Donor population. 17 patients between 39 and 70 yr (mean age = 58 yr) with active classical or definite seropositive rheumatoid arthritis, as defined by the Ropes criteria (9) , were studied; 15 were male. All were taking nonsteroidal antiinflammatory drugs. In addition, three were receiving corticosteroids, six, gold injections, and five, D-penicillamine. 30'healthy donors, aged (mean age = 54 yr), of which 15 were male', served as controls.
Lymphocyte culture. PBL were isolated from heparinized peripheral blood by means of Ficoll-Hypaque. Cells were washed three times with Hanks' balanced salt solution (HBSS), fo'ur times with fetal calf serum (FCS), and once with RPMI 1640 (Gibco Laboratories, Grand Island Biological Co., Grand Island, N. Y.). Differential counts revealed 57-81% lymphocytes (mean±SD for RA patients, 68±10; for normals, 74±10), 13-35% monocytes (RA patients, 31±14; normals 21±9), and 1-13% PMN (mean 7%). Cells were adjusted to 1 X 106 lymphocytes per milliliter in RPMI 1640 supplemented with 100 mM L-glutamine, 10% FCS, 100 U/ ml penicillin, and 100 ug/ml streptomycin. In addition, each individual's cells were cultured with and without PWM (Gibco Laboratories). Dose-response studies using concentrations between 0.25 and 2.0% indicated that a dose of 1% PWM was optimum to promote specific Ab synthesis by PBL from normal and most RA donors. Cycloheximide (100,ug/ ml) was added to some cultures to block protein synthesis. Cultures were distributed in 1-cm3 aliquots to 12 X 75-mm polystyrene tubes and maintained in 5% CO2 at 37°C. At the end of 1-19 d, cells were spun and the supernatants were decanted. Replicate supernatants were pooled and stored at -20°C until used. Freeze/thaw lysates provided a day zero estimate of the quantity of Ab carried over in and on the cells.
Radioimmunoassay (RIA). Specific Ab was measured by a solid phase RIA modified from Carson et al. (10) . Antigens included SKSD and the Fc and Fab' fragments of human IgG. Culture supernatants were diluted 1:2 with 1% BSA in Tris saline, pH 7.4, before testing in RIA. '25I-rabbit antihuman IgM was added to detect bound Ab. The range of triplicates fell within 10% of the mean. A background value, representing the uptake of the labeled anti-IgM by Ag and the bovine serum albumin (BSA)-coated tube alone, was subtracted from each estimation of specific Ab. A standard curve was prepared by coating increasing quantities of IgM onto polystyrene tubes. The IgM incorporated a trace radiolabel to allow determination of the amount of IgM adherent to the tube. Sites not occupied by IgM were blocked by adding Tris saline containing 1% BSA. '251-anti-IgM was then added, and after overnight incubation at 4°C, the tubes were washed and counted. The counts per minute of 125I anti-IgM bound was plotted as a function of the amount of IgM known to be adherent to the tube. This gave identical results as a standard curve prepared using serial dilutions of specifically purified human IgM anti-Fc assayed in Fc-coated tubes. Assays were reported as nanograms of specific Ab bound to the antigen-coated tube. For some studies, the RIA was modified to test 100-,ul samples in microtiter plates. Results of these assays were recorded as nanograms of Ab bound per 100 ul of sample. IgM levels were measured in a similar solid-phase RIA using polystyrene tubes coated with specifically purified rabbit anti-IgM.
Measurement of "hidden" or "blocked" antibodies reactive with Fab. 100 Ml of culture supernatant was mixed in triplicate with 100 ,l of '25I-Fab'. The 1251-Fab' had been spun at 40,000 g for 30 min to remove aggregates and then adjusted to 1.06 X 10' cpm/100 Ml in RPMI 1640 containing 200 Mg/ml trasylol, 2 mM phenyl methyl sulfonylfluoride, 0.02% sodium azide, and 10% FCS. The pH was decreased to 3.1 with citric acid. The samples were incubated for 30 min at 37°C, then for 30 min more at room temperature (23°C). 3 M Tris base was then added to restore pH to 7.6. Control aliquots of supernatant plus 1251-Fab' remained at neutral pH throughout and received borate-buffered saline to bring them to the same volume. The samples were incubated overnight at 4°C. Polyethylene glycol (PEG 6000, Fisher Scientific Co., Pittsburgh, Pa.) was added to a final concentration of 12%. The samples were incubated at 0°C for 60 min and spun at 1,500 g for 30 min at 0°C. The supernatants were decanted, and the precipitated radioactivity was counted. Data were corrected for the amount of Fab' precipitated by the PEG in the absence of specific Ab. To evaluate the ability of the modified Farr assay to detect soluble Fab'/anti-Fab' complexes, rabbit anti-Fab' of known Ab content was added to culture media containing 1251-Fab' at molar Ag/Ab ratios ranging from 1:17 to 150:1. 12% PEG was adequate to bring down >85% of the soluble complexes formed in less than threefold molar Ag excess and >19% of the complexes formed in 3-30-fold M Ag excess. To demonstrate that the acidification step dissociated immune complexes, comparison assays were carried out in which the culture supernatant and 125I-Fab' were acidified and neutralized independently and then combined just before the PEG precipitation step (see Table IV Anti-Fab' levels fluctuated in a manner not observed with IgM anti-Fc or anti-SKSD. After a brisk increase, anti-Fab' fell progressively in cultures from the RA patient harvested after day 3. The anti-Fab' activity of his unstimulated cultures exceeded that in supernatants of PWM-stimulated PBL for the first 9 d in vitro (Fig. 1) .
Cultures of PBL from additional normal donors ( Fig. 2 ) displayed kinetics similar to those shown in Fig. 1 . However there was extensive variability in the response of PBL from eight RA patients studied concurrently. Six of the eight had high levels of IgM antiFc on day 1 ( Fig. 2A) , and only two patients showed any delay before the rise in IgM anti-Fc activity. By day 11, the magnitude of the anti-Fc response ranged from 35 to 200 ng reflecting increases of 10-140 ng over the quantities present on day 1. In the absence of PWM there was a minimal anti-SKSD response in the RA patients. Four failed to make detectable quantities of anti-SKSD by day 11. PWM induced IgM anti-SKSD release from PBL of most RA patients within 1-5 days, but the Ab levels increased less quickly and less smoothly than in cultures from normal donors (Fig. 2B) .
Anti-Fab' levels in these cultures rarely showed the smooth asymptotic increments characteristic of antiFc and anti-SKSD release in vitro (Fig. 2C) . The day to day fluctuations in anti-Fab' greatly exceeded the confidence limits of the assay (Fig. 1) t Immunosorbents were prepared using 12 X 75 mm polystyrene tubes filled with etched 2 mm polystyrene balls to increase surface area. Antigens were allowed to coat these in a manner similar to preparation of tubes for the RIA. Aliquots of culture supernatants were absorbed with immobilized antigen and then assayed for specific antibodies by the usual RIA. § % control (sample adsorbed with BSA).
Identification of "hidden" or "blocked" anti-FabY antibodies in 10-19-d-old culture supernatants. The decrease in IgM anti-Fab' activity observed towards the end of many PBL cultures suggested that either these Ab were selectively catabolized or they formed immune complexes with other immunoglobulins. To evaluate the last possibility, we tested selected supernatants for blocked anti-Fab' activity. A modified Farr assay was used in which acidification served to dissociate complexes (11) . Supernatants from several cultures that had demonstrated a drop in IgM anti-Fab' activity were tested. Severalfold more Fab' was precipitated by 12% PEG from supernatants that had been briefly acidified and then neutralized after the addition of the Ag, as compared with sham-acidified supernatants. In three cases anti-Fab' was demonstrated after acidification in supernatants where none had been detected previously (Table III) . Acidification and neutralization of the culture supernatant/125I-Fab' mixture resulted in far more Fab' being precipitated (Fig. 4) . Lymphocyte cultures from a fourth patient were set up three times over the span of 1 yr. On two occasions only the release of anti-Fc was depressed by PWM stimulation. On one occasion all three Ab were lower after PWM. By contrast, PWM always enhanced the amount of Ab released by cultured PBL from normal donors. The amount of Ab released after PWM stimulation was directly proportional to the amount that was released in the corresponding unstimulated culture, (IgM anti-Fc, r, = 0.74, P < 0.01; IgM anti-SKSD, r5 = 0.74, P < 0.01; Spearman rank correlation test).
Maximum quantities of specific Ab released in vitro. To compare the maximum quantities of Ab produced by PBL from RA patients and healthy donors, levels were measured after 11-18 d of culture (Fig. 5) . In the absence of PWM, cultures from RA donors contained 122±106 ng IgM anti-Fc vs. 27±27 for PBL from healthy donors, (P < 0.001, Mann-Whitney U test). With Of the four patients with PWM-associated suppression of IgM anti-Fc release, one was receiving steroids, one, gold, and two, D-penicillamine. DISCUSSION There were four salient differences in the responses of cultured lymphocytes from RA patients and normal controls. (15, 16) , or the homozygous inheritance of certain Gm allotypes (17) .
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